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Disclaimer

This report is issued in support of the preliminary revise/not revise
decisions for the Six-Year Review Notice of Intent. It is intended for
public comment and does not represent final agency policy. EPA expects
to issue a final version of this report with the publication of the

final notice in 2002, reflecting corrections due to public comment on

the preliminary notice and the supporting documents.

Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.
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EXECUTIVE SUMMARY

The 1996 Amendments to the Safe Drinking Water Act require that EPA shall, not less often than every
six years, review and revise, as appropriate, each national primary drinking water regulation promulgated
by the Agency. This report presents an overview of the contaminant occurrence data, data management,
and statistical methods used to develop national contaminant occurrence estimations generated in support
of EPA’s Six-Year Review of National Primary Drinking Water Regulations. Using the data and methods
described, estimations of national occurrence and preliminary assessments of exposure are derived,
evaluated and presented.

The contaminant occurrence data used are public water system compliance monitoring results reported to
and contained in State data sets. A data management approach, consisting of the development of a 16-
State cross-section, enables statistical estimations that are indicative of national occurrence of
contaminants in public drinking water systems. The Safe Drinking Water Act compliance monitoring
data in the 16-State national cross-section represent more than 13 million analytical results from
approximately 41,000 public water systems. Although the 16-State national cross-section is not, in a
formal sense, statistically representative, the analyses based on the cross-section does indicate a central
tendency of contaminant occurrence.

A two stage analytical approach has been developed for this evaluation of the national occurrence of
regulated contaminants. The first stage of analysis, referred to as the “Stage 1 analysis,” provides a
straight-forward evaluation of occurrence for all regulated contaminants. In this Stage 1 analysis, the data
sources, data quality, and data characteristics were assessed, and the data were used to conduct simple and
conservative non-parametric assessments for a broad evaluation of contaminant occurrence.

The subsequent “Stage 2 analysis” is a more rigorous parametric statistical estimation based on
probabilistic modeling. The Stage 2 analyses enables estimations of the national number of public
drinking water systems, and the population served by those systems, that have an estimated mean
concentration (of a particular subject contaminant) that exceeds a specified threshold concentration of
interest. The Stage 2 analyses yield detailed, stratified (assessed according to source water type and
system size) occurrence estimations using a Bayesian-based hierarchical model estimation method. This
method provides estimates of numbers of systems, and population served by those systems, with system
mean concentrations exceeding specified contaminant threshold concentrations, and includes quantified
error for the estimation procedures.

In the process of developing this two stage analytical approach for the Six-Year Review, the full approach
was peer-reviewed, assessed relative to another significant drinking water contaminant occurrence
estimation method, and evaluated with synthetic (simulated) data sets designed to assess the log-normal
and constant variance assumptions made at the system level regarding the national distribution of system
means. Assessments suggest the Bayesian-based hierarchical model and the 16-State national cross-
section of compliance monitoring data used for the Six-Year Review occurrence estimations are
appropriate.

Occurrence Estimation Methodology X March 2002



I. INTRODUCTION

This report presents a detailed review of the contaminant occurrence data used and the statistical methods
developed to estimate regulated contaminant occurrence in public drinking water systems. These
regulated contaminant occurrence estimates are generated in support of the Environmental Protection
Agency’s Six-Year Review of National Primary Drinking Water Regulations (NPDWRs). This “Six-
Year Review” assesses the potential revision of regulations for regulated contaminants. The contaminant
occurrence data used for the Six-Year Review’s statistical estimations are Safe Drinking Water Act
(SDWA) compliance monitoring data (documenting occurrence of regulated contaminants in public
drinking water systems). Using the data and statistical methods described, estimations of national
occurrence and preliminary assessments of exposure are derived, evaluated, described and presented.

The contaminant occurrence estimations conducted for the Six-Year Review represent a long-term,
detailed, and comprehensive undertaking of data acquisition, quality analysis, editing and formatting.
This extensive data management work was conducted concurrently with the development of a two-stage
contaminant occurrence estimation approach. The first stage of analysis comprises a simple, straight-
forward assessment that provides a broad overview of contaminant occurrence. The second stage of
analysis is a more rigorous, statistical approach that provides detailed estimates of occurrence with
quantified error of estimation (enabling measures of the certainty of the estimates made). The detailed
descriptions of these data and estimation methods are presented in the following sections and appendices
of this report.

LA. Purpose and Scope

The United States Environmental Protection Agency (EPA) Office of Ground Water and Drinking Water
(OGWDW) is responsible for implementing the provisions of the Safe Drinking Water Act (SDWA).
Under SDWA, OGWDW develops regulations to address the public health risks from contaminated
drinking water and develops related programs to protect ground water and surface water supplies. The
1996 Amendments to SDWA require that EPA shall, not less often than every six years, review and
revise, as appropriate, each national primary drinking water regulation (NPDWR) promulgated by the
Agency. The SDWA specifies that revision of a national primary drinking water regulation shall
maintain or provide for greater protection of public health. Any revision of the regulations will be
partially dependent on contaminant occurrence findings, and on the re-evaluation of the public’s exposure
to the contaminants and the potential adverse health effects from that exposure. The purpose of this
report is to present an overview of the contaminant occurrence data, data management, and statistical
methods used to develop national contaminant occurrence estimations generated. Estimations of national
occurrence and preliminary assessments of exposure are derived, evaluated and presented using the data
and methods described.

L.B. Sources of Data Used for Analysis

State data sets, comprising SDWA compliance monitoring data from public water systems (PWSs), were
the primary data sources for this analysis. An approach was developed to construct a national cross-
section of State data sets that contain contaminant occurrence data that would be indicative or
representative of national contaminant occurrence. Data from 16 States were selected and used in the
national cross-section of State data sets. The States were selected to represent the national range of
pollution potential, and hydrologic and geographic diversity. The SDWA compliance monitoring data in
the 16-State national cross-section represent more than 13 million analytical results from approximately
41,000 PWSs. Analytical results based on the cross-section are therefore indicative (though not
statistically representative) of national occurrence. In other terms, the analyses based on the cross-section
data should indicate a central tendency of occurrence in part based on the size of the cross-section data set
and how the cross-section was constructed. (Construction of the cross-section is discussed in Section II.)
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I.C. Data Analysis

A two stage analytical approach has been developed for this evaluation of the national occurrence of
regulated contaminants. The first stage (“Stage 1) analysis provides a straight-forward evaluation of
occurrence for all regulated contaminants. In the Stage 1 analysis, the compliance monitoring analytical
results data for all regulated contaminants for the cross-section states were compiled in contaminant-
specific data sets. (The quality of these data were assessed in extensive and comprehensive detail.) Then,
for each contaminant, these analytical occurrence data were used to simply count the percent of public
water systems that recorded at least one analytical result that exceeds a specified threshold concentration.
With these results, general assessments such as relative rankings of the contaminants’ occurrence
provides a broad characterization of contaminant occurrence. The Stage 1 analyses generate occurrence
estimates that are clear and easy to understand, were developed through rudimentary analytical
techniques, and provide conservative estimates of occurrence. (Stage 1 analysis methods are described in
more detail in below in Section IV.)

In part based on the findings of the Stage 1 analysis, EPA selected a set of contaminants for which more
rigorous parametric statistical estimations, the Stage 2 analyses, were warranted as a next step. In the
Stage 2 approach, estimates can be made for the number of public drinking water systems nationally, and
the population served by those systems, that are expected to have a particular mean contaminant
concentration present at levels exceeding any specified threshold (or thresholds) of concern to EPA. The
Stage 2 analyses yield detailed, stratified occurrence estimations, employ a Bayesian-based hierarchical
model estimation method, provide estimates of numbers of systems and population served by those
systems with system mean concentrations exceeding specified contaminant threshold concentrations, and
include quantified error for the estimation procedures. (The Stage 2 analysis is described in more detail
below in Section VI.)

II. DEVELOPING A NATIONAL CROSS-SECTION OF STATES

Currently, there is no complete analytical record of contaminants in drinking water from public water
systems collected under SDWA that can be processed for a comprehensive national overview of
occurrence and exposure. EPA’s Safe Drinking Water Information System (SDWIS) maintains a variety
of water system inventory and operation information, as well as compliance program information. For
most contaminants, the only analytical results filed in SDWIS are those related to violations of a
Maximum Contaminant Level (MCL). The analytical results from monitoring of the Phase rule
chemicals, and most other contaminants, are stored in individual State databases. In the past, there has
been no feasible way to access these data to construct a national sample except through analyzing data
sets from the individual States.

EPA previously completed a study reviewing the occurrence of regulated contaminants in public drinking
water systems using data sets voluntarily provided by eight States. These data used in the development of
an initial analysis of a national cross-section of contaminant occurrence. The results of this prior work,
and the report generated (4 Review of Contaminant Occurrence in Public Water Systems, EPA #816-R-
99-0006, referred to as the “CMR Report”), have been widely reviewed by EPA stakeholders and were

also peer-reviewed. This report and study approach have generated wide and very positive support by
stakeholders and peer-reviewers alike.

Data sets from eight States were selected for a detailed national cross-section analysis in the CMR Report.
For the analyses in the CMR Report, eight States were selected for use in a national analysis as providing
the best data quality and completeness, and for providing a balanced national cross-section of occurrence
data using a relative ranking of States based on pollution potential and geographic coverage. The data
sets from these same eight States provide the basis for analyses conducted for this current report.
Described in the following sections are the evaluations and procedure used in selecting the eight initial
cross-section States that together provide contaminant occurrence data compiled to be indicative
(representative) of contaminant occurrence nationally.
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II.A. Pollution Potential Indicators

Many past EPA and USGS studies have shown that some simple measures, such as population (or
population density) are closely associated with pollution'. This is intuitively (as well as empirically)
apparent, since it is human activity and its related land use —be it manufacturing or agriculture— that is the
source of most pollutants, particularly the organic chemicals. In the CMR Report, various demographic
and other factors were evaluated as independent measures or indicators of pollution potential.

More than thirty-five different factors are potentially useful as indicators of each State’s® pollution
potential were considered for the CMR analyses. The factors ranged from Census data on manufacturing,
agriculture, and population density, to indices such as EPA’s Section 106 allocation factors or the 7991-
1992 Green Index: A State by State Guide to the Nation’s Environmental Health (prepared by the
Institute for Southern Studies) (Hall and Kerr, 1993). Two methods were considered for evaluating the
States’ comparable pollution potential. The first was the development of a singular numerical index,
incorporating factors such as manufacturing in the State, total pounds of chemicals released, and
pesticides used, into a comprehensive ranking for each State. However, such a ranking for all sources
requires various factors to be weighted, and the meaning of the resultant number can be difficult to
understand, as well as argumentative.

A second, simpler method, evaluating the pollution potential of the States, was adopted for the CMR
analyses. The primary factors used indicated the potential pollution from manufacturing and agriculture
in each State. States were then ranked from 1 to 50 for each factor. This method does not, of course,
avoid all of the problems discussed above, but it does provide a simple, practical evaluation of the range
of pollution potential conditions represented by the States.

In general, manufacturing/industrial activities (typically associated with population density) are
considered the major sources of many VOCs (degreasers, solvents, petroleum compounds). Most SOCs
are pesticides, and agriculture is the largest user of these compounds. While IOCs can have various uses
in manufacturing, they also occur naturally. Ambient concentrations of IOCs also can be enhanced by
mining or other diffuse activities. Natural geologic sources of IOCs were not directly considered in the
assessment for representativeness, in part because whole States needed to be evaluated and such sources
are often localized. However, by including geographic or spatial coverage across the United States as a
factor (e.g., from New Jersey to Montana), a range of geologic conditions (as well as a range of
hydrogeologic and climatic variability) were inherently included in this cross-section development.

II.A.1. Manufacturing Indicators

Numerous factors were considered as potential indicators of manufacturing-related pollution, including
EPA’s Toxics Release Inventory (TRI) (including total releases, releases per square mile, and releases
excluding air releases), the number of manufacturing establishments, the number of manufacturing
establishments per square mile, the number of manufacturing employees, the value added by
manufacturers, and the value added per capita. This information was taken directly from the 71995 Annual
Survey of Manufactures (USDOC, 1997), the 1992 Census of Manufactures (USDOC, 1996), and the
1995 Toxics Release Inventory (USEPA, 2001). All factors were each considered in terms of their
inherent value as pollution potential indicators, their range and variance (in providing a relative ranking
of the States), and their inter-relationships.

The total TRI releases per square mile, number of manufacturing establishments per square mile, and
value added per capita were considered the three most useful indicators. The TRI was considered useful
because it is a measure of how many pounds of toxic chemicals are released within the State. While there

! For example, the most recent report is Squillace et al., 1999.

? Data were analyzed on a Statewide basis so any determination of representativeness was based on whether the States, for which
information was available, were representative of the nation as a whole. There are problems, of course, with using States (large, diverse entities)
to determine representativeness; however, it was not practical to break the data down any further.
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are problems with the TRI (e.g., some inconsistent release estimation techniques; omission of many small
establishments, or those with releases below specified thresholds), it is valid to use as a direct indicator of
potential pollutants released. The number of manufacturing establishments takes into account how many
factories are actually engaged in manufacturing and thus how many establishments potentially contribute
to pollution. By breaking down the number of manufacturing establishments per square mile, the size of
the State is also taken into account. The final factor that was considered to be viable was the value added
by manufacturers per capita. Initially this seemed to be a well-suited measure because of the presumed
correlation between value added and the level of production (and by-product pollution) within the State.
The problem with this measure (and also with the measure of number of manufacturing establishments
per square mile), is that it does not take into account the variation in pollution released by different
industries. For example, an industry that adds a lot of value to a product may cause little pollution while
another industry that does not add much value may contribute more pollution.

The data clearly showed a close correlation between the number of manufacturing establishments per
square mile and the population density in each State, as well as a clear linear association with the total
TRI pounds released/square mile, number of manufacturing employees, and total value added. Hence, the
number of manufacturing establishments per square mile was used as the primary indicator because it is a
simple measure of how many establishments are actually engaged in manufacturing and thus are
potentially polluting sources of drinking water. The TRI total pounds released per square mile was used
as a secondary factor in determining representativeness. Squillace ef al. (1999) found a significant
correlation between VOC occurrence in ambient ground water and population density in a USGS national
NAWQA study. As noted, population density and manufacturing density are highly correlated.
Manufacturing density and TRI data were used in this ranking because they were considered more direct
measures of pollution potential for this study.

II.A.2. Agricultural Indicators

There is no complete measure of pesticide usage by States that is readily available. Thus, a variety of
factors were considered to assess potential organic chemical pollution from agriculture in each State.
These included the percent of the State’s population that is classified as rural, the percent of land in the
State that is crop land, the percent of land that is grassland pasture and rangeland (a possible inverse
indicator), and total farm agricultural chemical expenses. Like the manufacturing factors, these
agricultural variables were considered in terms of their value in indicating potential sources of pollution
and were plotted against one another to determine how closely they are correlated.

Of these factors, total farm agricultural chemical expenses was considered to be the best indicator of
potential pollution. The percent of the State’s population that lives in rural areas does not necessarily
relate to agricultural chemical use or crop land. There is, of course, a correlation between crop land and
agricultural chemical use. However, there are notable exceptions such as Florida and California which
use a large amount of agricultural chemicals despite having more limited crop land area. While there are
some incomplete surveys of pesticide use, the 1992 Census of Agriculture (USDOC, 1994) measure of
dollars spent on agricultural chemicals was a more consistent and complete measure.

In summary, three specific measures were selected as reasonable indicators of pollution potential. These
measures, the number of manufacturing facilities per square mile (to reflect the range of potential VOC
occurrence), total expenditures on farm agricultural chemicals (to reflect the range of potential SOC
occurrence), and Toxics Release Inventory (TRI) releases (in total pounds) per square mile (to reflect the
releases of any type of chemical into the environment) were used to assess the pollution potential
characteristics of the States. Additionally, in the development of a nationally representative group of
States (discussed in the following section), a geographic distribution of States is also considered (to
reflect the range of hydrologic and climatic conditions, and geologically-influenced, potential [OC
occurrence).
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II.B. Representativeness of the Selected State Data Sets

Most of the data used in this review were provided voluntarily by States. Obviously, constructing a
“representative” sample from such data can be problematic, so additional data were requested from a few
States to broaden the spatial coverage of the analysis. In all, 14 States originally provided data for
review. While 14 of 50 States is a substantial sample, it is not necessarily representative. While the data
from all these 14 States could have simply been aggregated to compute a composite occurrence value for
a contaminant, the resulting group of States would have significantly over-represented Midwestern
“Cornbelt” States. (The sample would contain Kansas, Missouri, lowa, Illinois, Indiana, and Ohio,
accounting for over 40% of the 14 States represented. These six cornbelt States use a relatively large
amount of row-crop herbicides relative to non-agricultural States, so for the group of 14 States the
resulting “pollution potential”for agricultural chemicals would be over-represented). Hence, various
means were evaluated to enable the construction of a grouping of the available State data sets that would
provide a reasonable first view of national occurrence based on a representative cross-section of States.

As described in the previous section, two broad factors were considered in the assessment of a nationally
representative compilation of State data sets: geographic or spatial diversity, and pollution potential.
Consideration of States that collectively provide a geographic diversity was one means by which to
include contaminant occurrence data from the wide, and national, range of climatic and hydrologic
conditions across the United States. The representative group of State data sets was also selected to
represent the range of pollution potential (reflecting the likely range of high, medium, and low
contaminant occurrence) across the various regions and States of the United States.

The 50 States’ pollution potential indicators (described above) were ranked from highest to lowest. These
ranked lists of States were then divided into four quartiles. The rankings were reviewed to assess if States
could be selected in approximate balance from each quartile. The primary ranking indicator was the
number of manufacturing establishments per square mile, but total farm agricultural expenditures and TRI
releases were also considered to contribute further to insuring that the occurrence data from the selected
States were, collectively, representative or indicative of national occurrence. This cross-section selection
process was used to select the initial 8 State cross-section, and the compliance monitoring data from these
initial 8 cross-section States provides a broad distribution geographically and across the pollution
potential rankings.

The quartile division of the States selected to approximate the national cross-section are summarized in
Table II.B.1. The compliance monitoring contaminant occurrence data from these eight States
collectively provide a balanced cross-section, based on relative rankings for pollution potential (i.e., the
potential for contaminant occurrence),geographic coverage, and data quality and completeness. The eight
initial cross-section States represent over 25% of the U.S. population using PWSs, and over 20% of the
PWSs nationally.
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Table I1.B.1. Initial Eight Cross-Section States with Ranking of Pollution Potential Indicators

- o157 National Ranking of
Quartiles Initial Eight . . .
for Rank-Order of States in Pollution Potential Indicators
All States Based on National Cross-
Manufacturing Ranking Section Manufacturing' Agriculture’ TRI Releases®
NJ 2 37 8
1 IL 10 2 11
CA 11 1 38
MI 13 18 16
2
AL 25 26 7
3 OR 34 22 39
NM 44 40 40
4
MT 48 34 34

1) the number of manufacturing facilities per square mile, 2) total expenditures on farm agricultural chemicals, and 3) Toxics Release Inventory
(TRI) releases (in total pounds) per square mile. For more detailed description of the development of the national cross-section and of the
rankings, see 4 Review of Contaminant Occurrence in Public Water Systems (EPA, 1999; EPA #816-R-99-006).

Different presentations of the pollution potential rankings, distribution and representative nature of the
States used in the occurrence analyses are illustrated in Figures I1.B.2 and I11.B.3. The dual assessment of
manufacturing and agriculture pollution potential indicators shown in Figure I1.B.2. illustrate the balanced
distribution of the 8 cross-section States across the four quartiles of both of those indicators. The map
presented in Figure I1.B.3 shows the geographic distribution of the cross-section States. The distribution
across pollution potential quartiles (Figure 11.B.2) and geographically (Figure 11.B.3) suggests that the
cross-section States should provide a representative indication of the potential range and occurrence of
VOC, SOC, and IOC contamination in PWSs nationally.
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Figure I1.B.2. Distribution of State Rankings of Manufacturing Establishments/ Sq. Mile vs. Farm
Ag. Chemical Expenses (Cross-Section States Highlighted)
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Figure I1.B.3. Map of the Initial 8 Cross-Section States
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The data from these eight cross-section States were used to compute aggregate occurrence values (i.e., the
percentage of water systems that had a detection of contaminant X) as an approximation of national
occurrence. While the data from the cross-section States cannot be stated to be “statistically
representative,” their distribution should provide a clear indication of central tendency.

III. INITIAL EIGHT STATE DATA SETS

The group of eight State data sets used for analysis in this report reflects a national cross-section of States
that is indicative (though not strictly statistically representative) of national contaminant occurrence.
Table III.A.1 provides a general description of monitoring data provided by these eight States (number of
records, time period of data, etc.). Details describing general data quality are discussed in Sections IIL.A.,
II1.B., and II1.C.

IILLA. Description of Data

The initial eight State data sets are comprised of SDWA compliance monitoring data from public drinking
water systems. As summarized in Table III.A.1, these data represent approximately 10 million analytical
results from nearly 22,000 public water systems. In most cases, the initial State data sets contained
additional data that were not included in analyses either because they were not appropriate or because
they posed various data quality problems (e.g., invalid PWSID or contaminant codes, missing significant
data elements such as source water type or system type) that prevented analysis of adequate quality,
specificity, or accuracy.

Various State data sets included data from different time periods (see Table I1I[.A.1). However, the
majority of data are from 1993 and later (which coincides with the beginning of Phase II/V monitoring).
Initial screening of the data showed that most data quality problems were in pre-1993 data. Therefore, in
some of the data sets, results gathered before 1993 were eliminated from these analyses. More than 80%
of all data utilized in this report are from 1993 or later; this proportion is even greater for most synthetic
organic chemicals (SOCs). More than 92% of all data used for this analysis are from 1990 or later.
Therefore, only about 8% of the total records are for years prior to 1990. Beyond these generalities,
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though, the amount of problematic data was quite small in the State data sets selected for use in the cross-
section, and there was no apparent or particular systemic data problem. Therefore, all data collected prior
to 1993 used for this analysis that met the necessary data quality conditions for this analysis were
retained. Based on these considerations, we felt that retaining these results would not compromise the
consistency of the data.

The State data sets represent State primacy agency SDWA monitoring results as provided by the States.
The data represent the analytical results for Non-Purchased Community Water Systems (CWSs) and Non-
Purchased Non-Transient Non-Community Water Systems (NTNCWSs) that are required to monitor for
the Phase II/V chemicals. Some States included data from Transient Non-Community Water Systems
(TNCWSs), but these systems are not required to monitor for the Phase 1I/V contaminants. The
TNCWSs’ data are almost exclusively for nitrate, which is not included in these discussions.

Table IIL.A.1. Initial 8 State Data Sets Used for Analyses

State Contaminant Gr(l)ups Nu'mber of Number of PWSs Time Period
Represented Analytical Results Represented
Alabama I0Cs, SOCs, VOCs, O 708,569 731 1985-1998
California I0Cs, SOCs, VOCs, O 3,897,362 6,414 1984-1998
Illinois I0Cs, SOCs, VOCs, O 2,967,946 1,392 1987-1997
Michigan * SOCs, VOCs, O 685,721 3,252 1993-1997
Montana I0Cs, SOCs, VOCs, O 276,675 1,786 1993-1998
New Jersey I0Cs, SOCs, VOCs, O 980,915 4,503 1993-1998
New Mexico I0Cs, SOCs, VOCs, O 266,262 1,299 1992-1996
Oregon I0Cs, SOCs, VOCs, O 169,521 2,345 1990-1998
Initial Eight
Cross-Section State 10Cs, SOCs, VOCs, O 9,952,971 21,722 1984-1998
TOTAL

These State data sets were initially developed for the analyses conducted in the CMR Report and were used for the analyses in this current report.

1) IOCs = the 13 regulated inorganic chemicals; SOCs = the 30 regulated synthetic organic chemicals; VOCs = the 21 regulated volatile organic
chemicals; O = Other regulated or unregulated chemicals.

2) No I0C data were originally available from the State of Michigan, and therefore no Michigan data were used in Stage 1 analyses for IOCs.
However, subsequently, Michigan compliance monitoring data were acquired for the IOCs fluoride, beryllium, chromium, mercury, and thallium.
These data were checked and edited for quality, added to the cross-section data set, and included in the later Stage 2 analyses.

III.B. Data Management

There are many issues regarding the management of very large data sets for a project such as this.
Selection of appropriate State data sets and significant management of the data (handling, editing,
formatting, “cleaning”, etc.) was necessary before any analysis could be conducted. The primary
objective regarding the data used in these contaminant occurrence analyses was development of a
consistent and repeatable data management approach that would allow valid comparisons between and
among the various data sets, and allow the data to be jointly evaluated to provide an overview of
occurrence patterns at the national level.
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For the most part, the States that volunteered data did not reorganize or reformat data, but simply
transmitted the data in whatever manner was easiest. Data were transferred using three main media: file
transfer protocol (FTP), e-mail, and diskettes (including zip-disks or CD-ROM). These transfers were of
very large databases, often several megabytes in size, and transmission was often complicated. The data
were received in a number of file types, including spreadsheet, database, and image files. Many of the
data sets were received “as is” and had not been formatted by the State in any way. For example, while
the Phase II/V compliance data from 1993-1995 were of greatest interest, in many cases it was easier for
the State to simply transmit their entire data set, which generally contained information on all chemical
contaminants (in addition to the Phase I1I/V), over a greater span of years.

After receipt, an initial review of the information in each data set was performed. Each data set was
unique in format, layout, custom codes, and data element usage. In most cases, the data were not
accompanied by a protocol outlining each variable. In every instance, follow-up with a State contact was
necessary to decipher variable headings or contaminant codes. When all variables were understood, a
formatting plan was developed for the data. Nearly all of the data sets required some type of formatting
to facilitate analysis. Data formatting problems varied from one data set to another.

All statistical analyses were conducted in SAS® statistical software. Data formatting problems were
corrected in Microsoft® Excel with the aid of specialized programs written in Visual Basic® or were
corrected directly in SAS® before the analysis began®. Data management and formatting was the most
time consuming and labor intensive part of the data analysis. Each data set presented unique challenges.
While analysis of the data was consistent from one data set to another, each data set required some unique
editing and filtering because of differences among basic data elements.

II.C. Data Quality Issues

There are numerous data quality issues inherent to a study where very large data sets of differing format
and quality are assembled from many States to be used to characterize contaminant occurrence in the
nation’s public water systems. The quality and dependability of the data used in the contaminant
occurrence analyses directly affect the quality and dependability of the results of the analyses conducted.
Therefore, many of the data quality issues are reviewed in detail below as a preface to understanding the
analytical results and the processes required before the analytical results could be generated.

This study only used data from State primacy agencies-official data from the regulated drinking water
program. All such analytical results are generated by laboratories that are certified for drinking water
programs, which assumes the use of various quality-assurance and quality control procedures. Certainly
data problems exist, but efforts have been taken to reduce the problems and increase the dependability
and quality of the State occurrence data used in these analyses.

Every State data set reviewed for this study contained unique data elements or unique treatment of
common elements. Even after initial screening and conversion to uniform formats and data set structure,
unique factors were always uncovered during data analysis. Many of the confounding factors were
resolved only through direct consultation with the States. As a general rule, when errors or ambiguities in
various data elements could not be resolved, those particular data elements were not included in the
analyses to avoid problematic results or results based on data of questionable quality. This data quality
measure eliminated relatively very few observations (compared to the thousands of analytical results
included in the data sets).

Each data set was reviewed to ensure it contained the basic data elements (data fields) necessary to
conduct a consistent analysis for this study. These elements were reviewed with State (data source)
contacts both before and after data were received to ensure consistent and appropriate interpretations.
While the presence of such elements enables the various data sets to be analyzed in a similar manner, each
also may be used in unique ways by the individual States/sources. A few key issues are summarized

> SASisa registered trademark of the SAS Institute, Inc. Excel and Visual Basic are trademarks of the Microsoft Corporation.
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below. For a complete summary of data editing, please refer to the First Stage Occurrence and Exposure
Report for Six-Year Review (Cadmus, 2000).

Any issues within the analytical results data elements affect fundamental data processing procedures
before any statistical processing can even begin. Very few databases contained the Minimum Reporting
Level (MRL) field for a contaminant/method combination. (The Minimum Reporting Level is the lowest
level that can be reliably achieved within specified limits of precision and accuracy under routine
laboratory operating conditions.) The actual analytical results generally comprise multiple fields, and one
critical component in such databases is how analytical results with values that are less than the MRL are
recorded. The State data sets vary widely in how these “less than the MRL” values (sometimes referred
to as “non-detections” or “no-detects”) are recorded. Some record a “<” symbol in one field and then the
actual MRL concentration value in a corresponding field while others simply enter zero in the results
field. Other States record an “ND” (non-detection/no detect) or some other code and many indicate a
mixed usage that required careful editing and attention to detail to correctly resolve.

System and sample data elements also required some time-consuming editing. Many States data sets
contained no, or only incomplete, source water type and population records. (Both of these data elements
are essential for these analyses.) When these data elements were not reported, the data set was linked with
the Needs Survey sample frame which provided the source water type and population information (as
linked by common PWSID) for many PWSs. However, information for all systems could not always be
determined from the Needs Survey. Observations whose source water type could not be determined were
not included in the analysis.

II.C.1. Other Data Use and Editing Issues

When computing basic occurrence statistics, such as the number or percent of samples or systems with
detections of a given contaminant, the value (or concentration) of the Minimum Reporting Level (MRL)
can have important consequences. For example, the lower the MRL, the greater the number of detections.
Multiple MRLs arise because of many reasons. Improvement in analytical methods over time can result
in a lowering of the MRL. Within reason, MRLs can even vary from laboratory to laboratory using the
same method, can vary with sample batch, etc. There can be more dramatic variation when different
methods are used for the same contaminant. Within the drinking water program, methods have become
well standardized so this was not a major issue for this study, particularly for the SOCs and VOCs.
However, the use of multiple MRLs within a State was not uncommon.

Another general data quality issue that can affect a large-scale summary of results is the different
sampling schedules that may be used by different PWSs. A PWS with a known contaminant problem
usually has to sample more frequently than a PWS that has never detected the contaminant. Obviously,
the results of a simple computation of the percentage of samples with detections (or other statistics) can
be skewed by the more frequent sampling results reported by the contaminated site. Therefore, this
analysis is focused on occurrence at the system level (rather than on a total sample basis), which avoids
the skewness inherent in the sample data, particularly over the multi-year period covered.

Systems sampling schedules vary, generally ranging from annually to monthly by contaminant. Data are
generally available for one sample monthly per system for IOCs. The range of sampling frequencies for
10C records for all systems is between 1 and more than 2,000 samples per month. Data are generally
available for three samples per month per system for SOCs. The range of sampling frequencies for SOC
records for all systems is between 1 and more than 1,600 samples per month. Data are generally available
for four samples per month per system for VOCs. The range of sampling frequencies for VOC records
for all systems is between 1 and more than 24,000 samples per month. The reduced number of systems
sampling for SOC data, as compared to IOCs and VOCs, may relate to state waivers for pesticides and
herbicides.

Also, as noted above, the data used in this analysis were limited to only those data with confirmed water
source and sampling type information. Only standard SDWA compliance samples were used; “special”
samples, or “investigation” samples (investigating a contaminant problem that would bias results), or
samples of unknown type were not used in the analysis. Various quality control and review checks were
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made of the results, including review by the States providing the data. Many of the most problematic data
quality problems encountered occurred with older data (especially, pre-1990 or 1993). In some cases, as
noted, these were simply eliminated from the analysis.

All of these data management and editing procedures were performed to make the results as reliable and
consistent as possible, and to ensure that they clearly were standard SDWA compliance samples. Also,
elimination of data with inconsistent elements helps to ensure that the analysis is relatively repeatable, for
future consideration and applications of the data.

IV. STAGE 1 ANALYSIS

The initial step in estimating the occurrence of regulated contaminants, the Stage 1 analysis, develops
general occurrence assessments which are more straight-forward and conservative than the subsequent
Stage 2 (full probability) analysis. The Stage 1 analyses were conducted according to source water type,
therefore separately for surface water systems, ground water systems, and then for all (surface and ground
water) systems combined. The analyses were also grouped according to general contaminant groupings
(I0Cs, SOCs, and VOCs). Stage 1 analyses were conducted on the compliance monitoring data sets from
the initial eight cross-section States at the system-level (not sample-level). The initial eight cross-section
States, which in aggregate are indicative of national occurrence, are Alabama, California, Illinois,
Michigan, Montana, New Jersey, New Mexico, and Oregon.

Stage 1 analysis provides a conservative assessment of occurrence by simply counting (then calculating
the percentages of) public water systems (and total population served by public water systems) with at
least one analytical result that exceeds a concentration equal to the MRL, /2 MCL, and the MCL for each
particular contaminant. These Stage 1 analyses are essentially based, therefore, on the single maximum
analytical value recorded at each public water system. Assessed relative to MCLs, which reflect public
health considerations for long-term exposure to contaminants in drinking water, the Stage 1 analysis is
conservative —cautious regarding public health concerns— in the sense that they are descriptive statistics
based on peak, rather than long-term mean, concentrations of contaminants.

Using these findings, the contaminants were then ranked, from highest to lowest, based on the percentage
of systems with at least one analytical result greater than the MRL, 2 MCL, and the MCL for each
particular contaminant. (These rankings were conducted separately for the percent of systems and for the
population served by those systems.) There are inherent vulnerability, occurrence pattern, and some
regulatory differences between surface water-supplied and ground water-supplied PWSs, so occurrence
rankings were conducted separately according to source water type, for surface water (SW) systems and
ground water (GW) systems. Contaminant occurrence rankings were also conducted separately for three
general contaminant groupings: Inorganic Chemicals (IOCs), Synthetic Organic Chemicals (SOCs), and
Volatile Organic Chemicals (VOCs). The contaminant group classifications relate partly to the
contaminants’ sources, fate, and transport, to their chemical properties and general methods of laboratory
analyses, and to regulatory requirements that vary somewhat according to these contaminant groupings.
For IOC occurrence rankings, arsenic was not evaluated since it is being evaluated and addressed
separately through the new arsenic rule. There were too few data to evaluate for asbestos (an I0C),
nitrate/nitrite (I0Cs), and dioxin (an SOC). Therefore, these contaminants were also excluded from all
occurrence rankings.

The “highest ranking contaminants” were defined as being the contaminants which occur in the highest
percentage of public water systems (based on at least one analytical result) at a concentration greater than
the MCL (“% > MCL”). The “lowest ranking concentrations” were defined as the contaminants which
occur in the lowest percentage of public water systems at any concentration greater than the Minimum
Reporting Level (“% > MRL”). The high to low occurrence rank-ordering list of contaminants was then
divided into quartiles. The “top quartile contaminants” were the upper 25% of the highest occurrence
contaminants, and the “bottom quartile contaminants” were the lower 25% of the lowest occurrence
contaminants. (It should be noted that the different contaminant groups -IOC, SOC, and VOC- have
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different total numbers of contaminants so the respective quartiles contain different numbers of contaminants.)

These rankings served to develop an overview pattern of high, medium, or low occurrence for each
contaminant, as well as to identify each contaminant’s occurrence relative to the other contaminants.
Similar estimates based on the population served by PWSs provides a “Stage 1” preliminary characteristic
of exposure potential.

There are additional, more involved statistical methods that can be applied to analyze limited data, such as
those comprising the cross-section State data sets. However, for these initial analyses, a simple approach
was developed to be clear and repeatable, resulting in aggregate numbers that could be easily understood,
and that would rank the occurrence of the contaminants, from high (frequent occurrence at levels greater
than the MCL) to low (infrequent occurrence at any level greater than the MRL).

IV.A. Summary of Contaminant Occurrence Ranking Findings

Table IV.A.1. lists the Stage 1 analysis “high occurrence” contaminants, as based on the percent of
systems and population served by all systems (ground and surface) with at least one analytical result
greater than the MCL. The percent systems and percent population “> MCL” indicates the proportion of
all cross-section State public water supply systems or population-served by systems with any analytical
results exceeding the concentration value of the MCL. (Note: This does not necessarily indicate an MCL
violation. An MCL violation occurs when the MCL is exceeded by the average results from four
consecutive quarterly confirmation samples as required by the primacy States.) Most contaminants ranked
as high occurrence based on the percent systems were also ranked as high occurrence based on the
percent population served. These contaminants are indicated in italics in the table.

Table IV.A.1. Stage 1 Analysis - High Occurrence Contaminants Ranked by MCL for All
(Combined) Surface Water and Ground Water Systems in the Eight Cross-Section States

. Percent . Percent

Conta_mmant Systems Conta.mmant Pop. Served

(MCL in mg/L) ~ MCL (MCL in mg/L) by Systems
>MCL

Inorganic Chemicals *
Fluoride (4.0) 1.41% Fluoride (4.0) 7.31%
Cadmium (0.005) 0.69% Chromium (0.1) 1.06%
Thallium (0.002) 0.45% Cadmium (0.005) 0.54%
Synthetic Organic Chemicals ®
Bis(2-ethylhexyl)phthalate < (0.006) 2.17% Ethylene Dibromide (0.00005) 17.17%
1,2-Dibromo-3-chloropropane (0.0002) 1.95% 1,2-Dibromo-3-chloropropane (0.0002) 16.07%
Atrazine (0.003) 0.94% Bis(2-ethylhexyl)phthalate ¢ (0.006) 2.74%
Ethylene Dibromide (0.00005) 0.92% Atrazine (0.003) 1.39%
Lindane (0.0002) 0.11% Lindane (0.0002) 0.86%
Toxaphene (0.004) 0.09% PCBs (0.0005) 0.49%
PCBs (0.0005) 0.08% Endrin (0.002) 0.35%
Volatile Organic Chemicals

Tetrachloroethylene (0.005) 1.18% Tetrachloroethylene (0.005) 22.24%
Trichloroethylene (0.005) 0.94% Trichloroethylene (0.003) 21.11%
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Percent Percent

Contaminant Svstems Contaminant Pop. Served

(MCL in mg/L) >yMCL (MCL in mg/L) by Systems
>MCL
Dichloromethane“ (0.005) 0.74% Dichloromethane (0.005) 15.00%
1,1-Dichloroethylene (0.007) 0.25% 1,2-Dichloroethane (0.005) 14.09%
Carbon Tetrachloride (0.005) 0.24% 1,1-Dichloroethylene (0.007) 13.59%
Benzene (0.005) 0.23% Carbon Tetrachloride (0.005) 12.44%

a) Too few data to evaluate asbestos. Arsenic was not evaluated. b) Too few data to evaluate dioxin. Generally, Phase II/V compliance
monitoring data sets wereused and these contained too few data to evaluate nitrate/nitrite. c¢) The high occurrences of phthalate are, in part,
considered false positives related to sample contamination by plastics and laboratory analytical problems. d) The high occurrences of
dichloromethane are, in part, considered to be false positives related to laboratory analytical problems.

Contaminants in italics are in top rank category for both percent system and percent population measures.
Rankings are based on data from the eight cross-section States of AL, CA, IL, MI, MT, NJ, NM, and OR.

Table IV.A.2. lists the Stage 1 analysis “low occurrence” contaminants, as based on the proportion of all
cross-section State systems or population-served by systems with at least one analytical result exceeding
the concentration value of the Minimum Reporting Level (MRL). (Note that the contaminant
concentration value of a minimum reporting level is a characteristic of the analytical method employed to
conduct the laboratory analysis for any particular contaminant. The actual analytical concentration of an
MRL, therefore, generally differs for different contaminants. There can also be several different
approved analytical methods for analysis of the same contaminant, and therefore, multiple MRLs for even
a single contaminant. Given this, the occurrence measures presented in Table IV.A.2 are relative to the
variable MRLs, with each MRL representing the lowest level that can be reliably achieved within
specified limits of precision and accuracy under routine laboratory operating conditions.) Most
contaminants ranked as low occurrence based on the percent systems were also ranked as low occurrence
based on the percent population served. These contaminants are indicated in italics.

Table IV.A.2. Stage 1 Analysis - Low Occurrence Contaminants Ranked by MRL for All
(Combined) Surface Water and Ground Water Systems in the Eight Cross-Section States

Conta.minant g;:tceerﬁz Conta_minant Pog.ergz;lxtred
(MCL in mg/L) ~ MRL (MCL in mg/L) b); %ﬁ{ims
Inorganic Chemicals *
Antimony (0.006) 3.24% Cyanide (0.2) 3.35%
Cyanide (0.2) 2.38% Beryllium (0.004) 3.24%
Beryllium (0.004) 2.10% Thallium (0.002) 2.29%
Synthetic Organic Chemicals "

PCBs (0.0005) 0.20% PCBs (0.0005) 0.57%
Carbofuran (0.003) 0.16% Heptachlor (0.0004) 0.34%
Carbofuran (0.04) 0.11% Heptachlor Epoxide (0.0002) 0.16%
Glyphosate (0.7) 0.10% Oxamyl (0.2) 0.10%
Oxamyl (0.2) 0.09% Hexachlorobenzene (0.001) 0.09%
Chlordane (0.002) 0.05% Glyphosate (0.7) 0.02%
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Conta'minant g;:tc;g: Conta.minant Pog.ergg*l\tfed

(MCL in mg/L) ~ MRL (MCL in mg/L) b); ?\ylséims
Hexachlorobenzene (0.001) 0.04% Chlordane (0.002) 0.01%

Volatile Organic Chemicals

1,2-Dichloropropane (0.005) 1.12% 1,4-Dichlorobenzene (0.075) 6.50%
1,2,4-Trichlorobenzene (0.07) 1.08% o-Dichlorobenzene (0.6) 5.28%
1,1,2-Trichloroethane (0.005) 1.00% Vinyl Chloride (0.002) 4.92%
trans-1,2-Dichloroethylene (0.1) 0.80% 1,2,4-Trichlorobenzene (0.07) 2.76%
Vinyl Chloride (0.002) 0.64% Styrene (0.1) 2.69%

a) Too few data to evaluate asbestos. Arsenic was not evaluated. b) Too few data to evaluate dioxin. Generally, Phase II/V compliance
monitoring data sets wereused and these contained too few data to evaluate nitrate/nitrite.

Contaminants in italics are in bottom rank category for both percent system and percent population measures.
Rankings are based on data from the eight cross-section States of AL, CA, IL, MI, MT, NJ, NM, and OR.

Stage 1 analyses were also generated separately by ground and surface source water type. Contaminants
were ranked based on the proportion of systems (and population served by systems) with any analytical
results greater than the MCL, %2 MCL, and MRL for each source water type. The same lists of high and
low occurrence contaminants (included in Tables IV.A.1 and IV.A.2) were determined by all the ranking
approaches (i.e., ground water ranking, surface water ranking, or combined ground and surface water
ranking) for the eight cross-section States data sets. See Appendix A for summary tables of Stage 1
occurrence findings for all regulated contaminants. For a detailed review of the Stage 1 analytical
approach and a presentation of the complete Stage 1 analytical findings, please refer to the report titled
First Stage Occurrence and Exposure Report for Six-Year Review (Cadmus, 2000).

Fluoride was consistently ranked as the highest occurrence IOC on most or all of the various ranking
approaches. Chromium and cadmium were also consistently ranked high in many of the ranking
approaches. Antimony and mercury were occasionally ranked with high occurrence.

For low occurrence of I0OCs, beryllium was the most consistent contaminant of low ranking occurrence.
Antimony, cyanide and thallium were also commonly ranked as low occurrence contaminants on the
various ranking approaches.

Note there are seemingly contradictory occurrence findings for antimony since it occurs on both the high
occurrence list (based on percent of analytical results above the MCL) and low occurrence list (based on
percent of analytical results above the MRL). These two occurrence measures can be simultaneous and
are valid. In the case of antimony, the MCL is relatively close to the MRL, so when an analytical
concentration is detected for antimony (above the MRL), the detection is more likely to also be above the
MCL. Antimony is detected relatively infrequently compared to other IOCs; its presence is infrequently
identified above the MRL making it a “low occurrence contaminant.” Yet on those few occasions when
antimony is detected, it is often detected at concentrations greater than the MCL. A large proportion of
antimony results exceed its MCL, relative to the other IOCs’ detections exceeding their respective MCLs.
By this measure, antimony is also considered a “high occurrence contaminant.” This apparent occurrence
contradiction is also possible present in the findings for several other contaminants (e.g., the VOC vinyl
chloride). These subtly differences in occurrence measures must be noted when considering what type of
occurrence assessment and conclusions are to be made.

Ethylene dibromide (EDB), 1,2-dibromo-3-chloropropane (DBCP), and bis(2-ethylhexyl)phthalate
(DEHP) were consistently ranked as the highest occurrence SOCs on most or all of the ranking
approaches. The next most frequent contaminant was atrazine, which was ranked high in many of the
ranking approaches. (Atrazine occurrence is being considered separately under other occurrence and
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exposure analyses.) This was followed by benzo[a]pyrene, diquat, and endrin, which were occasionally
ranked with high occurrence. The high occurrences of phthalate are, in part, considered false positives
related to sample contamination by plastics and laboratory analytical problems*.

Carbofuran, glyphosate, chlordane, oxamyl, hexachlorocyclopentadiene, carbofuran, hexachlorobenzene,
and PCBs were consistently ranked as the lowest occurrence SOCs.

Dichloromethane, tetrachloroethylene, and trichloroethylene were consistently ranked as the highest
occurrence VOCs on most or all of the separate ranking approaches. The next most frequent contaminant
was 1,1-dichloroethylene which was ranked high in many of the ranking approaches. This was followed
by carbon tetrachloride, 1,1,1-trichloroethane, and, to a lessor degree, vinyl chloride and 1,4-
dichlorobenzene, which were occasionally ranked with high occurrence. Note that the high occurrences
of dichloromethane are, in part, considered false positives related to laboratory analytical problems.

For low occurrence of VOCs, 1,2-dichloropropane, 1,2,4-trichlorobenzene, vinyl chloride, styrene, and
o-dichlorobenzene were the most consistent contaminants of low rank occurrence based on the various
ranking approaches.

IV.B. Comparison of State Data and URCIS Stage 1 Findings

As an additional evaluation of the national “representativeness” of the initial eight cross-section States,
occurrence analyses from the cross-section States’ were compared to similar occurrence analyses
aggregated from another cross-section of compliance monitoring data - the Unregulated Contaminant
Information System (URCIS) 24-State Cross-Section. The URCIS data set includes information on sixty
regulated and unregulated VOCs, and two regulated SOCs from a total of 40 U.S. States or Territories.
(A group of 24 URCIS States was selected from the URCIS database, using the same cross-section
development approach described in Section II.) The majority of the data are from the first round of
required unregulated contaminant monitoring from 1987 through 1992. It is important to note that
because of the age of the data, in relation to rapid improvements made in data processing systems, the
quality of data received by EPA for URCIS is highly variable.

The URCIS data are from an earlier time period than are the data for this current study (which mostly date
from 1993 to 1997). The URCIS data also are largely limited to occurrence monitoring results for
volatile organic chemicals (VOCs). Nonetheless, in aggregation and for (non-parametric) rank order
determination of highest and lowest occurrence of VOC contaminants, the comparison to the URCIS data
provides an additional evaluation of the use of the cross-section States for broad occurrence assessments
indicative of national occurrence. The comparison is qualitative, but still provides information for
comparative assessments of, for example, the relative occurrence of the different VOCs across different
time periods and different (yet presumably nationally-balanced) cross-sections of States.

URCIS VOC occurrence findings were ranked according to systems and population served, and then
compared to the initial eight cross-section State data occurrence findings for VOCs. A general summary
of the determined high and low occurrence contaminants based on these rankings is described below. For
a detailed description of the URCIS rankings, please refer to Section 4.5, in First Stage Occurrence and
Exposure Report for Six-Year Review (Cadmus, 2000).

High and low contaminant occurrence rankings, based on the number of systems and population served,
were conducted separately for surface water-supplied and ground water-supplied systems using URCIS
Round 1 data from a group of 24 States. Generally, there was agreement between the findings of high
and low occurrence contaminants for both systems and population served rankings and for surface and
ground water systems. The URCIS rankings were also in general agreement with the rankings of the

* The false positive issue was informally evaluated. The issue was discussed with several national laboratories, and available State
occurrence data was evaluated over time. The opinions of the laboratory staff contacted corresponded to the evaluation of the occurrence data;
there appears to be no distinct time period or date after which occurrence data on phthalates can clearly be considered free of false positives.
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eight cross-section States’ data. Again, please note that the high occurrences of dichloromethane are, in
part, considered false positives related to analytical problems.

The high occurrence VOCs common to both surface and ground water systems ranked by the proportion
of systems with at least one analytical result greater than the MCL were 1,1-dichloroethylene,
dichloromethane, tetrachloroethylene, and trichloroethylene. The low occurrence VOCs common to both
surface and ground water systems ranked by proportion of systems were vinyl chloride,
o-dichlorobenzene, and 1,2,4- trichlorobenzene.

Based on the proportion of population served by systems with at least one analytical result greater than
the MCL, the high occurrence VOCs common to both surface and ground water systems were
1,1-dichloroethylene, dichloromethane, tetrachloroethylene, and trichloroethylene. The low occurrence
VOCs common to both surface and ground water systems ranked by population served were styrene and
1,2,4- trichlorobenzene.

As an additional comparison, tetrachloroethylene Stage 1 occurrence findings from the URCIS 24-State
cross-section were directly compared to the 8-State cross-section tetrachloroethylene findings. As Table
IV.B.1 illustrates, the percent of systems and population served by systems estimated to exceed each
threshold was comparable for both cross-sections, though the 8-State cross-section occurrence findings
were consistently higher than those based on URCIS data. A relatively small percentage of systems had
any analytical results that exceeded the MCL and > MCL for both cross-sections (less than 3% for
ground and/or surface water).

The percentages of population served by systems with at least one analytical result of tetrachloroethylene
exceeding the MCL, Y2 MCL, and MRL were also comparable. The proportion of population served by
ground water systems in the 8-State cross-section that exceeded the MCL, 2 MCL, and MRL equaled
32%, 37%, and 47%, respectively. This compares to approximately 18%, 25%, and 34% of population
served by systems in the URCIS 24-State cross-section that had at least one analytical result greater than
the MCL, Y2 MCL, and MRL, respectively. The proportion of population served by surface water systems
exceeding each threshold also compares favorably between each cross-section. A relatively small
percentage of population served by systems had any analytical results that exceeded the MCL and '
MCL for both cross-sections (less than 5% for either cross-section). There is a dramatic increase in the
percent of population served by surface water systems with any analytical detections (> MRL) for both
cross-sections.
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Table IV.B.1. Stage 1 Analysis Comparison of Tetrachloroethylene Occurrence in Different
Cross-Sections

Percent of Systems Percent of Population Served by
Source Water Exceeding Threshold Systems Exceeding Threshold
Type Threshold
P Initial 8-State | URCIS 24-State | Initial 8-State | URCIS 24-State

Cross-Section Cross-Section Cross-Section Cross-Section
MCL 1.2% 0.9% 32.1% 17.7%
Ground Water > MCL 1.9% 1.5% 37.3% 25.3%
MRL 4.5% 3.4% 46.7% 33.7%
MCL 1.7% 0.7% 3.2% 2.1%
Surface Water > MCL 2.9% 1.0% 4.9% 3.5%
MRL 8.7% 2.7% 29.0% 17.5%

The MCL for tetrachloroethylene is 0.005 mg/L. One-half the MCL is 0.0025 mg/L. The Minimum Reporting Level (MRL) is variable.

V. FULL SIXTEEN STATE DATA SETS AND CROSS-SECTION

The coverage suggests that the initial eight cross-section State data sets are indicative of national
occurrence and the aggregate size of the data sets is substantial (representing approximately 10 million
analytical results from nearly 22,000 PWSs). Nonetheless, the addition of data from other States would
contribute to more nationally representative occurrence analyses and greater confidence in the
conclusions derived from the analyses.

Consideration was first made regarding the expanded use of State data sets that were already in hand (i.e.,
the 6 out of the 14 data sets not used in the initial 8-State cross-section). For example, Indiana’s data set
had been previously volunteered, and was available for use. The data set, which is quite complete and of
satisfactory quality, was carefully considered for addition to the national cross-section (as long as other
State data sets were added from other quartiles for balance).

While other State data that was in hand were used in some of the non-parametric descriptive statistics for
the CMR Report (such as determination of range of contaminant occurrence), most were not usable for
expanding the national cross-section of State data. For instance, lowa had a adequate and complete data
set °, but using lowa data would over-represent the Midwestern “Cornbelt” states, with Illinois and
possibly Indiana already included in the national cross-section of State data. Other data sets that were in-
hand (those from Kansas, Massachusetts, Missouri, and Ohio) were seriously incomplete, biased, or not
functionally suitable for expanding the national cross-section. The acquisition of additional State data
sets to expand the national cross-section in a balanced and representative way was conducted using the
same pollution potential quartile distribution and geographic diversity criteria that were used to develop
the balanced and representative initial (8-State) cross-section. (As with the selection of the initial 8 cross-
section states, consideration of the additional cross-section states was based primarily on the ranking
indicator of the number of manufacturing establishments per square mile, but total farm agricultural

5 For the CMR Report, contaminant occurrence results from Iowa were included, but the Iowa data set was not directly used. Iowa

has a published report that provided the necessary occurrence figures, which provided occurrence information without conducting additional
analyses. Therefore, the actual lowa data set has not yet been procured, but likely could be, if necessary.

Occurrence Estimation Methodology 18 March 2002



expenditures and TRI releases were also considered to insure that the occurrence data from the selected
States were, collectively, representative or indicative of national occurrence.)

Maintaining a geographic balance, to the extent possible, also contributes to an aggregate data set that is
more representative of the variety of geographic conditions present nationally. Regarding this balance,
further representation from the New England area, the southeast and south-central States would contribute
to balancing an expanded national coverage. Based on the consideration of States’ pollution potential
rankings, how they best fit into the quartile distribution, and how their spatial or geographic coverage
contributed to a representative national cross-section of States, the suggested States considered for
addition to the national cross-section contaminant occurrence data set were:

Quartile 1) Rhode Island, Pennsylvania, Florida;

Quartile 2) Indiana, New Hampshire, Tennessee, South Carolina, Vermont;

Quartile 3) Kentucky, Minnesota, Texas, Mississippi, West Virginia, Oklahoma; and
Quartile 4) Utah, Nebraska, South Dakota.

As new State data sets were added to the initial group of eight cross-section States, the data sets were
added in specific groups to further build the cross-section sample in a balanced manner. Based on data
availability and quality, the additional group of eight States added to the cross-section were: Florida -
Quartile 1; Indiana, South Carolina, and Vermont - Quartile 2; Kentucky, and Texas - Quartile 3;
Nebraska, and South Dakota - Quartile 4. A summary of these additional eight State data sets is presented
in Table V.1.

Table V.1. Additional State Data Sets Used for Analyses

State Contaminant Gr(l)ups Nu'mber of Number of PWSs Time Period >
Represented Analytical Results Represented

Florida I0Cs, SOCs, VOCs 713,543 6,297 1993-1997
Indiana 10Cs, SOCs, VOCs, O 257,428 1,488 1982-1997
Kentucky I0Cs, SOCs, VOCs, O 177,070 570 1993-1997
Nebraska I0Cs, SOCs, VOCs 189,959 1,555 1993-1999
South Carolina I0Cs, SOCs, VOCs 501,286 2,352 1989-2000
South Dakota I0Cs, SOCs, VOCs 55,526 965 1990-2000
Texas I0Cs, SOCs, VOCs 947,615 5,350 1990-2000
Vermont I0Cs, SOCs, VOCs, O 248,438 873 1987-2000
Total 10Cs, SOCs, VOCs, O 3,090,865 19,450 1982-2000

1) IOCs = the 13 regulated inorganic chemicals; SOCs = the 30 regulated synthetic organic chemicals; VOCs = the 21 regulated volatile organic
chemicals; O = Other regulated or unregulated chemicals.
2) Data from 1999 and 2000 were excluded from analysis. Most data sets contained complete data only through 1998.

Table V.2. shows quartile rankings for the 16 States contained in the national cross-section. Figure V.2.
shows the distribution of the initial eight cross-section States along with additional eight cross-section
States. The distribution is broad and relatively uniform across all quartiles of the manufacturing and
agriculture pollution potential indicators (note that the manufacturing pollution potential indicator was the
primary ranking factor with agricultural and TRI indicators considered in a secondary sense). Figure V.3.
is a map illustrating the geographic distribution of the initial eight cross-section States, as well as the
additional eight cross-section States
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Table V.2. National Cross-Section States with Ranking of Pollution Potential Indicators

. States in National Ranking of States in National Ranking of
. Rg:lifgi‘?er . sl-nsl_Zﬁi Pollution Potential Indicators 1%’::’:’ Pollution Potential Indicators
Mool [ ceeall Il Vv BTV -l R RV R
afon facturing culture Releases Section facturing culture Releases
NJ 2 37 8 FL 12 4 13
1 IL 10 2 11
CA 11 1 38
Ml 13 18 16 IN 15 7 [§
2 AL 25 26 7 SC 21 32 10
VT 23 47 45
OR 34 22 39 KY 27 27 21
’ X 30 6 20
NM 44 40 40 NE 4 9 41
) MT 48 34 34 SD 45 21 49
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Figure V.2. Distribution of State Ranking for Manufacturing Establishments/ Sq. Mile vs. Farm
Ag. Chemical Expenses (Highlighting Initial 8 & Additional 8 Cross-Section States)
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Figure V.3. Map of the 16 Cross-Section States

. §> [ | Initial 8-State Cross-Section
[ Additional 8-State Cross-Section

[ ] States not included in Cross-Section

V.A. Data Use and Editing

Similar to the initial eight cross-section States, a considerable amount of data editing was necessary for
the additional eight cross-section States. Each data set was reviewed to ensure it contained the basic data
elements necessary to conduct a consistent analysis for this study. These elements were reviewed with
State contacts to ensure consistent and appropriate interpretations. Once data quality issues were
resolved, each data set was converted into a consistent format.

A common data quality issue of the additional eight States related to data that appeared to have been
recorded or mislabeled in incorrect units. In many State databases, analytical results are presented as
integers in one column with a corresponding column to identify how many decimal points are associated
with that integer (analytical result). Since these data are often hard-entered by a data entry person, there
is a large potential for error. If the “decimal point” column is incorrectly entered (even off by one), the
analytical results are recorded in the data set in the wrong units. In many cases, detailed double-checking
with the analytical results for similar contaminants in other States showed that the analytical results
appeared to be incorrect (either too low or too high) by a constant factor of 1,000. The interpretation was
that the data were (mistakenly) recorded in ug/L in the database, but actually represented data in mg/L (or
vice versa). These data corrections were somewhat straightforward after identifying, reviewing, and
cross-checking the analytical results. The criteria for excluding outliers included evaluating the data on
an individual basis. Other data that appeared to be in incorrect units, but were not off by the typical factor
of 1,000, were either left in the database or excluded from analysis, depending on how much of an outlier
it was.

Values evaluated were both high and low value outliers, therefore by removing incorrect values, both
large and small questionable values were removed. Because this analysis is focused on occurrence at the
system level (calculating a mean concentration value for each system for a given contaminant), rather
than on a total sample basis, we were able to avoid the skewness inherent in the sample data. Therefore,
it is believed that the small amount of outlier data that may remain in the database does not influence the
final estimates Less than 0.02% of the total number records were identified as analytical results recorded
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in the incorrect units. Less than 0.25% of the analytical results were identified and changed to non-
detections. Of the total number of records excluded from analysis, only 0.002% of the total data were
removed as suspected or confirmed outliers.

V.B. Comparison of 8-State vs. 16-State National Cross-Sections

To further evaluate the representativeness of the cross-section, occurrence analyses from the 8-State
cross-section were compared to occurrence analyses from the 16-State cross-section. For the group of 30
contaminants to be analyzed with Stage 2 (Stage 2 analyses are described in detail in Section VI.A), the
percent of systems (and population served by systems) with at least one analytical result greater than the
MCL and MRL in the eight States were compared to the same measures for the 16-State cross-section.
The 8-State and 16-State Stage 1 findings were quite similar. Generally, the contaminants found with
high, medium or low relative occurrence based on the 8-State data sets Stage 1 analyses were the same
contaminants with high, medium or low occurrence, respectively, based on the 16-State data set. The
ranking from highest to lowest occurrence was not identical in the 8-State and 16-State data sets but, for
this simple non-parametric evaluation, the dissimilarities were small.

Table V.B.1 compares the 8-State and 16-State cross-sections based on the percent of systems. The
percentages are generally consistent between the two cross-sections. For the most part, the proportion of
systems with analytical detections (i.e., “% Systems > MRL”) is higher for the 8-State cross-section than
the 16-State cross-section. With the exception of the IOCs and a few SOCs, the proportion of systems
with at least one analytical result greater than the MCL (i.e., “% Systems > MCL”) is also higher for the
8-State cross-section than the 16-State cross-section.

The greatest discrepancy between the 8-State and 16-State proportion of systems with analytical
detections is seen in the contaminant mercury. The 16-State percentage of systems with analytical
detection of mercury is slightly greater than 3.5 times the 8-State percentage of systems with analytical
detection of mercury. Based on the proportion of systems with at least one analytical result greater than
the MCL, the greatest discrepancy between the 8-State and 16-State cross-section is seen in the
contaminant chromium. The percentage of systems in the 8 States with at least one analytical result
greater than the MCL for chromium is approximately 5 times the percentage of systems in the 16 States
with at least one analytical result greater than the MCL for chromium.

Table V.B.1. Comparison of Stage 1 Analyses for 8-State vs. 16-State National Cross-Sections
Based on the Percent of Systems

% Systems > MRL % Systems > MCL
. MCL
Contaminant
(mg/L)
8 States 16 States 8 States 16 States
10Cs
Beryllium 0.004 2.10% 3.32% 0.520% 0.217%
Chromium 0.1 13.0% 18.3% 0.620% 0.127%
Fluoride 4 73.8% 83.8% 3.90% 1.28%
Mercury 0.002 4.90% 17.3% 0.850% 0.263%
Thallium 0.002 3.41% 4.22% 1.33% 0.679%
SOCs
Alachlor 0.002 0.900% 0.670% 0.0500% 0.0420%
Bis(2-ethylhexyl)phthalate 0.006 12.1% 12.5% 2.17% 2.20%
Carbofuran 0.04 0.110% 0.0600% 0.000% 0.000%
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% Systems > MRL % Systems > MCL
Contaminant MCL

(mg/L) 8 States 16 States 8 States 16 States
Chlordane 0.002 0.0500% 0.120% 0.000% 0.0150%
1,2-Dibromo-3- 0.0002 2.86% 1.61% 1.95% 0.912%
Diquat 0.02 1.06% 0.490% 0.0600% 0.0220%
Glyphosate 0.7 0.100% 0.100% 0.000% 0.000%
Heptachlor 0.0004 0.220% 0.0800% 0.0200% 0.00700%
Heptachlor Epoxide 0.0002 0.210% 0.0900% 0.0300% 0.028%
Hexachlorobenzene 0.001 0.0400% 0.0900% 0.000% 0.00700%
Hexachlorocyclopentadiene 0.05 0.910% 0.890% 0.000% 0.000%
Oxamy] 0.2 0.0900% 0.0800% 0.000% 0.000%
Picloram 0.5 0.850% 0.410% 0.000% 0.000%
Simazine 0.004 2.81% 1.80% 0.0900% 0.0550%
Toxaphene 0.003 0.160% 0.0800% 0.0200% 0.00700%

VOCs

Benzene 0.005 1.54% 1.31% 0.235% 0.189%
Carbon Tetrachloride 0.005 2.06% 1.99% 0.240% 0.204%
1,4-Dichlorobenzene 0.075 2.26% 1.76% 0.000% 0.000%
1,2-Dichloroethane 0.005 1.53% 1.31% 0.160% 0.126%
1,1-Dichloroethylene 0.007 2.03% 1.58% 0.301% 0.236%
Dichloromethane 0.005 11.8% 8.59% 0.740% 0.669%
1,2-Dichloropropane 0.005 1.12% 0.670% 0.130% 0.0680%
Tetrachloroethylene 0.005 4.63% 3.36% 1.18% 0.778%
1,1,2-Trichloroethane 0.005 1.00% 0.620% 0.0700% 0.0400%
Trichloroethylene 0.005 3.55% 2.61% 0.940% 0.647%

Note: All percentages are shown to three significant figures.

Table V.B.2 compares the 8-State and 16-State cross-sections based on the percent of population served
by systems. The percentages are generally consistent between the two cross-sections. For the IOCs, the
proportion of population served by systems “> MRL” is always smaller for the 8-State cross-section than
the 16-State cross-section. However, the proportion of population served by systems “> MCL” is
generally larger for the 8-State cross-section than the 16-State cross-section for the IOCs. For the SOCs,
the proportion of population served by systems “> MRL” and “> MCL” is generally higher for the 8-State
cross-section than the 16-State cross-section. For the VOC:s, the proportion of population served by
systems “> MRL” and “> MCL” is always higher for th